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CHAPTER I 
INTRODUCTION 
"Whatever else may be said about agriculture, the land is first 
and basic for all purposes of man" (20). This vital fact has been 
recognized by people of all ages. The periods of prosperity and 
advances in civilization coincided with periods of proper use and 
management of land, and the ~ame holds true today. 
Our greatest natural resource, the soil, must produce more food 
and fiber each year. Because of this burden, crop and tillage prac-
tices must become more intensive in order to meet the challenge. 
Frequently, the pressure for production results in a degradation of 
the physical and chemical properties in the soil, a most distressing 
fact is that these soils present the fewest management problems, Any 
soil not in production now, but used for agricultural purposes in the 
future, will require stricter management practices than many of our 
present soils; therefore, to meet the needs of future generations it 
wili be necess~ry to produce not only more food and fiber, but to 
improve agricultural procedures involving the soil and its manipulati on. 
Soils vary from site-to-site in physical and chemical properti es. 
These changes are noted from one location of a field to another. Speci-
fic soil management practices may be used to improve or destroy some 
of these phys i cal and chemical soil properties. Changes and problems 
with soil structure, infiltration, soil compaction, erosion, nutrient 
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CHAPTER II 
LITERATURE REVIEW 
It is recognized that tillage practices that leave a residue on 
the soil surface, protect the soil from the beating action of raindrops, 
and reduce evaporation, surface water run-off and soil erosion. This 
surface residue practice is important for the conservation of soil and 
water. Although,large differences have been noted for different 
tillage practices (13). Generally, soils with favorable physical condi-
tion are not markedly changed by any one tillage practice. This is 
true, however, so long as the practice is not abusive. On heavier and 
more poorly drained soils or on soils with poor physical condition, the 
effect of various tillage and/or cropping practice should be considered 
as a possible method of improvement or maintenance. 
A crop practice has considerable bearing on the soil bulk density. 
Pinson (19) found that the bulk density of a continuously cropped 
Norge Loam was significantly different from the virgin soil at the 5 to 
8 inch soi,1 depth. The continuously cropped soil had a higher bulk 
density at the 5 to 8 inch depth than the 3 inch layer above or below. 
Bradfield (3) found that many fine-grained soils under continuous culti-
vation tended to become compacted. This was particularly noted where 
the soil had been cropped for a prolonged period without a grass or 
legume rotation. Bulk densities of th~ soil also varied with the 
method of tillage as well as with the crop grown. Hobbs ~.a!_. (11) 
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found that deep tillage lowered the soil bulk density and improved 
the perrneabil:l.ty of the compacted layer. Locke, il al. (15) found 
that bulk density of the spring shallow-plowed soil was least, and the 
fall deep-plowed was intermediate. They also show that alternately 
cropped and fallowed soil produced a higher bulk density. According 
to McCalla and Army (16), there is only a small difference in soil bulk 
density due to tillage in the Great Plains. Taylor,il al, (23) in a 
detailed study of the chemical and physical properties of 17 Southern 
Great Plains soils which exhibited root restriction pans were unable to 
distinguish the origin or cause of the pan. 
A number of factors seem to influence the size, distribution, and 
aggregate stability of a soil. Feng and Browning (9) state that the 
ease with which excessive water can be drained from a soil in the field 
is related to the presence in the soil of stable aggregates. It has 
beep speculated that the effective capacity for holding available water 
for plants is higher in a well-granula eds than in-soil th oar 
-
granulatiop and with 1 Workers have also found 
that the soil water content and temperature of the soil and stage of 
plant development, seedbed preparation and cultivation are all factors 
responsible for the dynamic phenomenon of soil aggregation (13, 16). 
Beale, et .il• O.) found that the percent of water-stable aggregates 
greater than 0.2 nun. were approximately th~ same with plow or mulch 
tillage 1 year after the start of a cover crop tillage practice. 
During the next 2 years, the aggregation of mulch tilled plots of vetch 
and rye incr~ased considerably and was greater than the aggregation of 
the plowed vetch and rye plots. Stephenson and Schuster (22) have 
reported that the percentage of water-stable aggregates can be increased 
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by mulching with plant residues. Accor9ing to Chepil (4), the decompos-
ing vegetative matter (wheat straw or green alfalfa), when mixed with 
the soil, ,increased the proportion of water;--stable aggregates and 
sligµtly decreased erodibility of the soil by wind. 
Metzger and Hide (17) report that a soil from corn and grain sor-
ghum under field and greenhouse conditions showed as good an aggregation 
as sorghum. When oats succeeded these two crops in the field, however, 
soil samples revealed a greater degree of dispersion from oats follow-
ing sorghum than when corn was the preceding crop. Sweetclover left 
the soil better aggregated afterone year's growth than soybeans, while 
alfalfa and sweetclover gave similar results. 
Rynasiewicz (21) found that the average aggregation for a Bridge-
hampton very sandy loam under six different crop rotations, and perma-
nent sod, was in the following order: onions, 2 years mangels'<9nions, 
2 years buckwheat<(onions, 2 years corn<:::onions, 2 years redtop<:::::corn-
potatoes - 3 years leguminous hay= corn-potatoes - 3 years nonlegumi-
nous hay<:::permanent sod. 
Elson and Lutz (7) foW}d that on Cecil soils a crop rotation 
resulted in better aggregation with less erosion ihan continuous cotton. 
Also, the inclusion of lespedeza in the rotation on two plots resulted 
in greater aggregation than a continuous sod of shallow-rooted grass. 
Wilson,£! al. (25) also found that aggregates formed under rotation 
meadows and rotation corn were less stable than aggregates formed under 
continuous bluegrass. 
Johnson,~ al. (13) states that the size distribution of aggregates 
has been influenced materially by the cropping system, with the 
greatest number of larger sized aggregates in bluegrass, clover, oats, 
rotation corn and continuous corn, respectively. Red clover in the 
rotation was shown to maintain a loose, granular structure, whereas 
continuous corn left the soil cloddy and difficult to manage. 
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Soil aggregates in a cultivated Indian soil (18) showed that th~ 
aggregates between 3 and 0.25 mm. were the most active and effective in 
developing good tilth. Finer aggregates contained more clay, organic 
matter, and total nitrogen. Under field conditions, they found a higher 
water content in .the smaller aggregates. 
Under natural conditions there exists an equilibrium between the 
addition of organic matter by vegetatioq and its decomposition by mi cro-
organisms. Cultivation of soils usually results in a decrease in nitro-
gen content from that in the virgin state by speeding up microbial 
decomposition and by subjecting the land to greater losses of nitrogen 
by erosion and leaching (8). 
Numerous studies have been made regarding the effect of cropping 
on both rate of decline and final nitrogen content of soils in the dry-
land wheatgrowing regions. Harper (10) reported that 11 Oklahoma 
Panhandle soils had lost 14.8 per cent of their nitrogen after 15 years 
of cropping. 
Bracken and Greaves (2) surveyed the nitrogen losses on farms in 
two areas of Utah, A study of 9 dry farms in Cache Valley, northern 
Utah, showed the first foot of virgin land to be 15.9 per cent higher 
in nitrogen than adjacent wheat land. Twelve farms in Juab Valley, 
central Utah, were found to be 14.5 per cent lower in nitrogen than 
virgin soils. Beale,~ al. (1) found that the organic matter content 
of a vetch and rye mulch-tilled soil increased significantly. The 
organic matter content of the vetch and rye mulch-tilled soil was signi-
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CHAPTER III 
MATERIALS AND METHODS 
All soil sampies for this experiment were taken from the Wheatland 
Conservation Experi.ment Station, Cherokee, Oklahoma. The plots on which 
the studi~s w~re conducted are arbitrarily designated the "A" plots (6). 
The plots varied in size, shape and a 1-3% land slope. 
The length of the "A" plots with the slope was interval of 6 con-
tour spaces at 1 foot. The width of the slope, however, was such that 
the average length of the contour was equal to, or slightly greater 
than, the length of the slope within the plot. The soil type of the 
"A" plot is a Grant silt loam with a slope of 1-3% and is classified as 
Class II land (6). 
The soil management practic~s were started in the Fall of 1955. 
Ttie alfalfa-wheat rotation study was started in the Spring of 1955, but 
because of poor stand was replanted and all plots date from the Spring 
of 19~6. Plot samples were treated from 1955-1966 or 11 years as shown 
in Table I. 
Collection of the Sample~ 
Soil samples were taken at four random locations within every plot. 
At each location samples were collected at the 7.6-15.2, 15.2-22.9, 
22 .• 9-30.5 and 30.5-38.1 cm. depths. Each treatment was replicated and 
each replicate was sampled as described above. 
8 
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Undisturbed and disturbed s~mples were used to measure the effect 
of cropping and management practices on bulk density, 1;1ggregate stabil-
ity and organic matter content. Undisturbed core samples for bulk 
density were collected at only the first three soil depths. 
TABLE I 
PREVIOUS MANAGEMENT OF PLOTS USED IN STUDY 
Cropping System 
A. Continuous Wheat 
Clean tilled 
St;ubble mulched 
B. Alfalfa-Wheat Rotation 
Clean tilled 
Stubble mulched 
* Ammonium nitrate. 
Wheat-! First-year wheat following alfalfa. 
Wheat-3 Third-year wheat following alfalfa, 
Treatment 
No nitrogen 
40 lbs. nitrogen annually* 
No nitrogen 
40 lbs. nitrogen annually* 
Wheat-! 
Wheat-3 
Wheat-1 
Wheat-3 
The soil ~ores were taken with a steel cylindrical sampler 
equipped with a driving assembly and cutting edge similar to that 
described by Van Doren and Klingebiel (24). 1he dimensions of the 
alllininUJD. ring were 7,6 x 7.6 cm. Each sample was placed in paraffin-
coated one pint ice cream cartons in the field for transporting to t;he 
laboratory. Disturbed soil samples were collecteQ at each location for 
soil aggregate stability and organic matter analysis. The disturbed 
samples were collected in 7. 6 cm. increments from 7. 6-38.1 cm, These 
samples were obtained at the same time the undisturbed samples were 
collected. 
10 
Laboratory Analysis of Soil Samples 
The undisturbed core samples were trimmed in the field to 7.6X7,6 
cm. and oven dried and weighed in the laboratory. Each sample was 
placed in a beaker and put in an oven at 105° C for 24 hours. The 
samples were removed from the oven and weighed as soon as they were 
cool. Bulk density was determined by the following relation: 
Bulk density= Weight of soil (oven dry) Volume of soil 
The water-stable aggregate analyses were made using the wet-sieve 
method described by Kemper and Chepil (14). The samples had been 
previously air-dried at room temperature for storage and sieved through 
an 8 mm. (2~ mesh) screen. Aggregates an9 clods larger than 8 mm, were 
pulled apart until the~r subunits were small enough to go through the 
sieve. This sample was then sieved again for particles larger than 
2 mm. so that the aggregates remaining were less than 8 mm. but greater 
than 2 mm. 
A 30 gram sample of the less than 8 mm. but greater than 2 mm. 
aggregates from each location was wet under vacuum in a desicator with 
deaired water. The wet sample was then transferred to a ~echanical 
sieving machine which ra~sed and lowered the nest of sieve in a water 
bath at 40 rpm for 15 minutes. Two separate sieve sizes were used with 
hole widths of 2 mm. and 0.2 mm., respectively. The oven-dry weight 
of .material on each sieve was measured and recorded -for statistical 
analysis. 
Organic matter content of the soil sample was measured by means 
of the modified Schollenberger procedures(12). · These procedures are 
indicated as follows: 
1. Weigh 0.5 gm., 20 mesh air-dried soil sample into a 300 
ml, tall pyrex beaker. 
2. Aqd 10 mm. of .4 N K2cr2o7 to all samples. 
3, Taking each sample separately, add 15 ml. cone. H2so4 • 
4. Place on ring stand and heat slowly until temperature 
of 165° C (remove at 162° C). 
5. Remove beaker and let all beakers cool. 
6. Add 100 ml, distilled water to each beaker. 
7. Add 2 drops of Orthophenanthroline (color indicator) 
to all samples. 
8. Titrate excess dichromate with .2 ~ Ferrous Ammonium 
Sulfate to red end point (use light box to improved end 
point). 
The results were obtained and used to calculate the per cent organic 
matter. 
The statistical ~nalysis consisted of an analysis of variance 
w~th a factorial design. All the data was run by an IBM 7040 digital 
computer. The level of significance for th~ various .treatments w~re 
determined by the F-test value. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Effect of Different Wheathnd Cropping 
Practices on Organic Matter 
The comparison of organic matter content w~th depth under the two 
tillage methods, stubble mulching and clean tillage, is shown in Figure 
1. Stubble mulching resulted in a higher organic matter level than 
that of the clean tillage (Table II to V). The higher organic matter 
content of the stubble mulch soil may, in effect, not be an increase 
but a less rapid decline in organic matter. The le~s rapid decline 
and/or build-up in organic matter with stubble mulching is probably 
the result of the residues decomposing at a reduced rate. This reduced 
decomposition rate for stubble mulching is caused by not mixing or 
manipulating the soil to an appreciable depth thus providing less aera-
tion. Results reported by Beale,~ al. (1) illustrate an increase in 
organic matter in a mulch-tilled soil. With a cover crop, organic 
matter and nitrogen content increased significantly in a 4-year period 
in the same study. Organic matter and nitrpgen of the clean tilled 
soil without a cover crop· did not increase. 
An analysis of variance of organic matter content at different 
depths and t~llage practices, Tables XVII, XVIII, XIX and XX, shows 
the 15.2 to 22.9 and 22.9 to 30.5 cm. soil depths significantly differ-
ent at the 1% level. Stubble mulching shows a higher organic matter 
12 
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content than clean tillage (Tables III and IV). 
The organic matter content in the alfalfa-wheat rotation was sig-
nificantly higher than the continuous wheat program at the 5% level for 
th~ 15.2 to 22.9 and 22.~ to 30.5 cm. depths. 
The 40 pounds of annual nitrogen and no nitrogen treatments were 
significantly different at the 5% level for the 15.2 to 22.9 cm . depth. 
Several interactions between the tillage method and cropping 
systems existed. An interaction between tillage method and rotation 
was significant at the 5% level for the 15.2 to 22.9 and 22.9 to 30.5 
cm. soil depths. The interaction between tillage method and nitrogen 
treatments at the 22.9 to 30.5 cm. depth was significant at the 5% 
level. Also, an interaction between tillage method and year of wheat 
following alfalfa was illustrated in the 15.2 to 22.9 cm. depth and was 
significant at the 5% level. 
Effect of Different Wheatland Cropping 
Practices on Aggregate Stability 
The size distribution of water-stable soil aggregates is an impor-
tant soil physical property because the size of the aggregates deter-
mines their susceptibility to movement by wind. and water. Also, size 
is important in determining the dimensions of the pore space in culti-
vated soils. The size of the pores, in turn, affects the movement and 
distribution of water and air in the soil, which are major factors 
affecting plant growth, Any determination of aggregate-size distribu-
tion is also, in one sense, a determination of aggregate stabili ty. 
The average wet aggregate stability is af fected by different 
pract i ces both for larger •than 2 mm. but l ess than 8 mm. and sma l ler 
than 2 mm. but greater than 0.2 mm. These results are shown in Figures 
14 
2 and 3, respe~tively. For both aggregate-size classes, aggregation 
increased with depth, with only aggregates larger than 2 mm. but less 
than 8 mm. under stubble mulching lower at the 15.2 to 22.9 cm. soil 
depth. This may be due to the high percentage of sand in this region. 
Aggregation under stubble mulching is greater in all cases than under 
clean tillage (Tables VI to XIII). 
An analysis of variance between aggregates larger than 2 mm. but 
less than 8 mm. and tillage method, Tables XXI, XXII, XXIII and XXIV, 
~hows the 7.6 to 15.2, 15.Z to 22.9 and 22.9 to 20.5 cm. depth signifi-
cantly different at the 1% level. The difference between a continuous 
wheat and alfalfa~wheat rotation was significa~t at the 5% level at the 
7.6 to 15.2 and 15.2 to 22.9 cm. soil depths and significant at the 1% 
level at the 22.9 to 30.5 cm. depth. Also, the difference between first-
year wheat following alfalfa and third-year wheat following alfalfa 
was significant at the 1% level for the 7.6 to 15.2 and 15.2 to 22.9 
cm. depths. It should be noted that the addition of nitrogen fertili-
zer did not affect the per cent of ag$regates. 
An interaction between the year of wheat following alfalfa and 
tillage method existed at the 15.2 to 22.9 cm. depth and was signifi-
cant at the 1% level. This same interaction was present for the organic 
matter content. 
An analysis of variance between aggregates smaller than 2 mm. but 
greater than 0.2 mm. and tillage method, Tables XXV, XXVI, :iocvII and 
XXVIII, shows the 7.6 to 15.2, 15.2 to 22.9 and 22.9 to 30.5 cm, depth 
significantly different at the 1% level and at the 5% level for the 
30.5 to 38.1 cm. depth. The cropping systems did not produce any signi-
ficant difference and there were no interactipns. 
15 
The comparhon of average aggregate stability, Figures 2 and 3, 
with average organic matter ·content, Figure!, and bulk .density, Figure 
4, shQw strong correlation to each other. As the org~nic matter con-
tent increased, the aggr~gate stability increased and, in turn, a 
. decrease in bulk density was noted. An increase in aggregation is .. 1 v"" 
normally asso~iated with a decre.ase in run-off and erosion and also J 
an increase in. infiltration. 
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TABLE II 
AVERAGE ORGANIC MATTER FOR GRANT SILT LOAM AT 7.6 TO 15.2 _cm. 
DEPTH AFTER DIFFERENT PRACTICES 
Tillage-Method Continuous Wheat Alfalfa-Wheat Rotation No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean Tilled 1.2{) 1.34 1.27 1.29 1.22 1.25 1.26 
Stubble Mulch 1.11 1.34 1.22 1.26 1.41 1.33 1.28 
Average 1.15 1.34 1.25 1.27 1.31 ·. 1.29 1.27 · 
TABLE III 
AVERAGE ORGANIC MATTER FOR GRANT SILT LOAM AT 15.2 TO 22.9 cm. 
DEPTH AFTER DIFFERENT PRACTICES 
Tillage Method Continuous Wheat Alfalfa-Wheat Rotation No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Cleari Tilled 1.17 1.32 1.24 1.29 1.24 1.26 1.25 
Stubble Mulch 1.24 1.43 1.33 1.42 1.66 1.54 1.44 
Average 1.20 1.37 1.29 1.35 1.45 1.40 1.34 
~ 
\0 
TABLE IV 
AVERAGE ORGANIC MATTER FOR GRANT SILT LOAM AT 22.9 TO 30.-5 :em. 
DEPTH AFTER DIFFERENT PRACTICES 
Tillage Method Continuous.Wheat Alfalfa-Wheat Rotation No Nitrogen Nitrogen. Average W-1 W-3 Average Average· 
· Clean -Tilled 1.32 1.19 1.25. 1.25 1.24 1.24 1.25 
Stubble Mulch 1.18 1.41 1.29 1.47 1.58 1.53 1.41 
Average 1.25 . L30 1.27. 1.36 1.41 1.39 · 1.33 
. TABLE V · 
AVERAGE ORGANIC MATTER FOR GRANT SILT LOAM AT 30.5 TO 38.1 cm. 
. . 
DEPTH AFTER DIFFERENT PRACTICES 
Tillage Method Continuous Wheat Alfalfa-Wheat Rotation No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean Tilled ·L26 1.22 1.24 1.19 1.25 1.22 1.23 
Stubble Mulch 1.18· 1.34 1.26 1.38 1.42 1.40 1.33 
Average 1.22 1.28 1.25 1.28 1.34 1.31 1.28 
N 
0 
TABLE VI 
AVERAGE AGGREGATE STABILITY LARGER THAN 2 mm. BUT LESS THAN 8 mm. FOR GRANT SILT LOAM 
AT 7.6 TO 15.2 cm. DEPTH AFTER DIFFERENT PRACTICES 
Continuous Wheat Alfalfa-Wheat Rotation Tillage Method No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean.Tilled . 2.62 4.41 3.52 4.49 6.91 5.70. 
Stubble Mulch 5.38 8.-07 6.73 4. 77 11.54 8.15 
Average · 4.00 6~24 5 .J.2 4.63 9.23 6.93 
TABLE VII 
AVERAGE AGGREGATE STABILITY LARGER THAN 2 mm. BUT LESS THAN 8 mm. FOR GRANT SILT LOAM 
AT 15. 2 TO 22. 9 cm. DEPTH AFTER DIFFERENT .PRACTICES 
Continuous Wheat Alfalfa-Wheat Rotation 
4.61 
7.44. 
6.03 
Tillage Method No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean Tilled 3.78 3.89 3.134 5.74 5.87 5.81 4.82 
Stubble Mulch· 6.67 5.21 5.94 3.22 11.13 7.17 6.56 
Average 5.23 4.55 4.89 4.48 8.50 6.49 5.69 
N 
1-,1 
~ABLE VIII 
AVERAGE AGGREGATE STABILITY LARGER THAN 2 mm. BUT LESS THAN 8 mm. FOR GRANT SILT LOAM 
AT 22.9 TO 30.5 cm. DEPTH AFTER DIFFERENT PRACTICES 
Continuous -wheat Alfalfa-Wheat Rotation Tillage Method No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean Tilled -4.16 4. 72 4~44 5.93 5.94 5.94 
Stubble Mulch 6.37 5.46 5.91 7.20 9.70 8.45 
Average 5.26 5.09 5.18 6.57 7.82 7.19 
TABLE IX 
AVERAGE.AGGREGATE STABILITY LARGER.THAN 2 mm. BUT·LESS THAN 8 mm. FOR GRANT SILT LOAM 
AT 30.5 TO 38.1 cm. DEPTH AFTER DIFFERENT PRACTICES 
Continuous Wheat Alfalfa-Wheat Rotation 
5.19 
7.18 
6.19 
Tillage Method No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean Tilled 4.99 6.03 5.51 8.05 5.13 6.59 6 .-05 
Stubble Mulch 8.05 6.04 7.05 8.81 8.32 8.56 7.81 
Average 6.52 6.03 6.28 8.43 6. 72 7 .58 6.93 
N 
N 
TABLE X 
AVERAGE AGGREGATE STABILITY SMALLER THAN 2 mm. BUT LARGER THAN 0.2 mm. FOR GRANT SILT LOAM 
AT 7. 6 TO 15. 2 cm.. DEPTH AFTER DIF-FERENT PRACTICES 
Tillage Method Continuous Wheat Alfalfa~Wheat Rotation No .Nitrogen Nitrogen Average W-1 W-3 Average Average 
-Clean Tilled 3.08 3.24 3.16 3.18 2.70 2.94 3.05 
Stubble Mulch 4.59 5.08 4.83. 4.46 4.42 4.44 4.64 
Average 3.84 4.16 4.00 3.82 3.56 3.69 3~84 
TABLE XI 
AVERAGE AGGREGATE STABILITY SMALLER THAN 2 mm. BUT LARGER THAN 0.2 mm. FOR GRANT SILT LOAM 
AT 15.2 TO 22.9 cm. DEPTH AFTER DIFFERENT PRACTICES 
Tillage Method Continuous Wheat Alfalfa-Wheat Rotation No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean Tilled 3.88 3.66 3. 77 3.62 3.05 3.33 3.55 
Stubble Mulch 6.70 6. 6-S -6. 69 5 .85 7.20 6.52 6.61 
Average 5.29 5.17 5.23 4.74 5.12 4.93 5.08 
N 
w 
TABLE XII 
AVERAGE AGGREGATE STABILITY SMALLER THAN 2 mm. BUT LARGER THAN 0.2 mm. FOR GRANT SILT LOAM 
:AT 22.9 TO 30.5 cm. DEPTH AFTER DIFFERENT PRACTICES 
Tillage Metho<l Continuous Wheat Alfalfa-Wheat Rotation No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean Tilled 4.90 5.84 5.37 5. 72. 4.91 5.32 5.35 
Stubble Mulch . 7.25 7.11 7.18 8.23 7.28 7.76 7.47 
Average 6.07 6.47 6.27 6.97 6.10 6.54 6.41 
TABLE XIII 
AVERAGE AGGREGATE STABILITY SMALLER THAN 2 mm. BUT LARGER THAN 0.2 mm. FOR GRANT SILT LOAM 
AT 30.5 TO 38.1 cm. DEPTH AFTER DIFFERENT PRACTICES 
Tillage Method· Continuous Wheat Alfalfa-Wheat Rotation No Nitrogen Nitrogen Average W-1 W-3 Average Average 
Clean ~illed 6.52 7.41 6.97 7 .13 6.10 6.61 6. 79 
Stubble Mulch 7.38 8.03 7. 71 8.54 7.15 7.84 7~ 77 
Average 6.95 7. 72 7.34 7. 83 6.62 7.23 7.28 
N 
.p.. 
Effect of Different Wheatland Cropping 
Practices on Bulk Density 
Soil bulk density is the ratio of the d:ry soil ma1;,s to the bulk 
25 
or macroscopic volume of soil particles plus pore space. It is not an 
invariant quantity for a given soil, but varies with structural condi-
tions of the soil. It is frequently related to soil compaction and is 
used as a measure of soil structure. 
The average density of the Grant silt loam at various soil depths 
after 11 years of clean tillage and stubble mulching is shown in Figure 
4. The bulk density decreased with depth for both practices. Stubble 
mulching shows a slightly sharper decrease than clean tillage. A com-
parison, Tables XIV, XV and XVI, shows clean tillage having a slightly 
higher bulk density than stubble mulching. 
An analysis of variance between bulk density at each depth, Tables 
XXIX, XXX and XXXI, and tillage practice shows only the 22.9 to 30.5 cm, 
soil depth significantly different at the 5% level. At this same depth, 
the difference between first-year wheat :following alfalfa and third-
year wheat following alfaJ_fa is al$o significant at the 5%. level, 
There is no significance among cropping systems. 
Curti.s and Post (5) have found a relation between bulk density and 
organic matter and have used this relation to estimate the bulk density 
of a stony forested soil. They found that when bulk density decreased, 
the amount of organic matter increased. The graph of bulk dens:i,ty, 
Figure 4, and organic matter content, Figure 1, ·show a relat;ionship 
similar to that obtained by Curtis and Post. It is also in agreeirient 
with the aggregate stability (Figures 2 and 3) results. 
The development of compaction zone will restrict the rate of the 
26 
infiltration of water and thereby increases·the opport~nity for surface 
run-off an,d soil erosion. I:n add;i.tion, they are. detrimental to plant 
root development and crop production. Such a zone appears to be 
present at the 22.9 to 30.5 cm, depth under clean tillage, 
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Tillage Method 
Clean Tilled-
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Average 
Tillage Method 
Clean Tilled 
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TABLE xtv 
. . . . . .. 
AVERAGE .BULK DENSITY FOR GRANT SILT LOAM AT 7.6 TO 15;2 cm! 
DEPTH AFTER DIFFERENT PRACTICES 
Continuous Wheat Alfalfa-Wheat Rotation 
No Nitrogen Nitr-ogen Average· W-1 w~3 
1.496 -1.518 1.507 1.505 1.442 
l.,508 1.504 1.506 1.537 1.461 
1.502 1.511 - 1.507 1.521- 1.452 
TABLE XV 
AVERAGE BULK DENSITY FOR GRANT SILT LOAM AT 15.2 TO 22.9 cm. 
--_ DEPTH AFTER DIFFERENT PRACTICES 
Average 
1.473 
1.499 
1.486 
Continuous Wheat Alfalfa-Wheat Rotation 
No Nitrogen Nitrogen Average W-1 W-3 Average 
1.462 L515 1.488 1.467 1.441- 1.454 
1.502 1.463 1.482 1.495 1.414 1.455 _ 
l.482 1.489 1.485 1.481 1.428 1.454 
Average 
1.490 
1.503 
l.496 
Average 
1.471. 
1.468 
1.469 
...., 
00 
Tillage Method 
Clean_Tilled 
Stubble Mulch 
Average. 
TABLE JCVI 
AVERAGE BULK DENSITY FOR GRANT SILT LOAM AT ~2.9 TO 30.5_ cm. 
DEPTH UNDER DIFFERENT-· PRACTICES 
Continuous-Wheat Alfalfa-Wheat Rotation 
No Nitrogen. Nitro_gen Average W-1 W-3 Average 
i.489 1.492 1.490 1.517 1.394 1.455 
1.455 1.408 1.431 1.419 1.409 1.414 
l.472 1.450 1.461 1.468 1.401 .1.435 
Av-er age 
1.473 
1.423 
1.448 
N 
\0 
CHAPTER V 
SUMMARY AND CONCLUSlONS 
The effect of different wheatla~d soil management practices on 
bulk density, aggregate stability and organic matter content in the 
Grant silt loam soil on the Wheatland.Conservation Experiment Station, 
Cherokee., Oklahoma; may be summarized as fol:J_ows: 
1. The amount of organic matter present in a Grant silt loam 
after 11 years qf different soil management practices showed that 
stubble mulched plots contained a higher organic matter content than 
clean tilled. 
2. The organic matter content was closely related to the aggre-
gate stability and bulk density. 
3. Aggregation tinder stubble mulching Wi:lS greater than tinder 
clean til,lage ~ 
4. Soil bulk density under clean tillage was slightly higher 
than under stubble mulching. 
5. The 40 pounds of annual nitrogen was found to significantly 
influence·t;he amount of OJ:'.ganic matter under different practice at 
specific soil depths. 
6. the alfalfa,-wheat rotation was. found to influence the amount 
of organic matter and aggregate-stability formatic;>n more than continu-
ous wheat. 
30 
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TABLE XVII 
ANALYSIS OF VARIANCE OF ORGANIC MATTER CONTENT FOR GRANT SILT 
LOAM AT.7.6 ,TO 15.2 cm. DEPTH 
Source of variation d •. f. s~s. M.S. 
Total 63 2.3387 
Treatment combination 7 0.4972 
Tillage 1 0.0038 0.0038 
Treatment (3) p.3133 
Cont. Wheat vs. .Aifalfa w. rotation (A) l 0.0328 0.0328 
No Nitrogen vs. Nitrogen (B) i 0.2664 0.2664 
W-1 vs~ W-3 (C) 1 0.0140 U.0140 
Tillage x .Treatment (3) 0.1801 . ..;, 
Tillage X A l 0.0681. 0.0681 
Tillage X B .. 1 0~0162 0.0162 
Tillag~ x·c· l 0.0957 0.0957 
Error (a) 8 O.E>290 0.6290 
Samples 48 1. 2124 
34 
F 
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TABLE XVIII 
ANALYSIS OF VARIANCE OF ORGANIC MATTER CONTENT FOR GRANT SILT 
LOAM AT 15.2 TO 22.9 cm. DEPTH 
Source of .variation d.f~ ~.s. M.S. F 
Total 63 3.499.5 
Treatment combination 7 1.3477 
T:Ulage 1 0.5383 0.5383 24.15 
Treatment (3) Q.5047 . 
Cont •. Wheat vs~ Alfalfa W. rotation (A) 1 0.1993. o .• 1993 8.94 
No Nitrogen vs. N:J,trogen (B) 1 0.2381 0.2381 10.68 
w .... 1 vs. W-3 (C) 1 0.0674 0.0674 
Tillage X Treatment 0.3046 
T:;1.llage·~ A 1 ·0.1324 . 0.1324 5.93 
Tillage x B . L· 0.0055 0.0055 
Tillage X C. 1 0.1667 . 0.1667 7.48 
E;rror (a) 8 0.1783 0.0222 
. Samples 48 . 1.9732 
* Significantly different at the 5% level. 
** Significantly different at the 1% level. 
** 
* 
* 
* 
* 
TABLE. XIX 
ANALYSIS OF VARIANCE OF ORGANIC MATTER CONTENT FOR GRANT·SILT 
LOAM AT 22.9 TO 30.5 cm. DEPTfl 
Source of variation d. f. S.S. M. S. 
Total 63 2.7905 
Treatment conibinatior,. 7 1.1704 
36 
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** Tillage 1 0. 3985 0.3985 11,93 
Treatment (3) 0.2538 
* Cont. Wheat vs. Alfalfa W. rotation (A) 1 0.2061 0.2061 6.16 
No Nitrogen vs. Nitrogen (B) 1 0.0254 0.0254 
w-.1. vs. W-3 (C) l 0.0226 0.0226 
Tillage x Treatment (3) 0.5181 
* Tillage X A 1 0.2316 0.2316 6.92 
* Tillage x B 1 0 .. 2520 0.2520 7.53 
Tillage x C 1 0.0344 0.0344 
Error (a) 8 0.2677 0.0334 
Samples 48 1. 3.525 · 
* Significantly different at the 5% level. 
**Sign:i,f;i.cantly different at the 1% level. 
TABLE XX 
ANALYSIS OF VARIANCE OF ORGANIC !1ATT~R CONTENT FOR G~T SILT 
LOAM AT 30.5 10 38.1 cm. DEPTH 
Source of variation d.f. S.S. ~- s .. 
Total 63 2.3147 
Treatment eombi~ation . 7 0.4705 
Tillage 1 0.1620 0.1620 
Treatments (3) 0.1119 · 
Cont. Wheat vs. Alfalfa W. rotation (A) 1 0.0613 Q.0613 
No Nitrogen vs. Nitrogen. (B) 1 0.0277 · 0.0277 
W-1 vs. W-3. (C) 1 · 0.0231 0,0231 
Tillage x Treatment (3) 0.1965 
Tillage x A 1 0.1139 0,1139 
Tillage x ~ 1 0.0820 0.0820 
Tillage X C 1 · 0.0006 0.0006 
Error (a) 8 0,5123. 0.0640 
Samples .. 48 1.3319 
37 
F 
TABLE XXI 
ANALYSIS OF VARIANCE OF AGGREGATE .STABILITY LARGER TUAN 
2 nun. BUT LESS THAN 8 mI!l• FOR GRANT SILT LOAM 
AT 7.6 TO 15.2 cm. DEPTH 
Sou:i:-ce of va;riation d.f. S.S. M.S. 
Total 63 638.8516 
Treatment combination 7 431.1355 
Tillage 1 128.22n 128.2273 
Trea~ments (3) 2.61.2257 
Cont. Wheat vs. Alfalfa W. rot a tion (A) 1 52.2187 52.2187 
. No nitrogen vs. Nitrogen (B) 1 40.1408 40.1408 
W-1 vs. w..,.3 (C) ·1 168.8663 168,8663 
Tillage x Treatment (3) 41. 6825 
Tillage x A 1 2.2990 2,2990 
Tillag~ x B 1 1.6471 1.6471 
Tillage X C 1 37,7363 37.7363 
Error (a) 8 72.5718 . 9.0715 
Sampleij 48 135.1443 
* Sign,ifi~antly differept at the 5% level. 
** S;i.gp.ifi can tly difi;ererit at the 1% level. 
38 
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. ** 14.14 
* 5.76 
** 18.62 
TABI..E XXII 
ANALYSIS OF VARIANCE OF AGGREGATE STABILITY LARGER THAN 
2 mm. BUT LESS THAN 8 mm, FOR GRANT SILT LOAM 
AT 15.2 TO 22.9 ~m. DEPTH 
Source of v~riation d.f. s.s. M;, s. 
Total 63 555,4460 
Treatment. comb ina t:i,on 7 350.7373 
Tillage 1 48.1463 48.1463 
Treatments (3) . 174.1665 
Cont. Wheat vs. Alfal:ea W. rotation(A) i 41.1042 41.i042 
No Nitrogen vs. Nitrogen (B) 1 3.6585 3.6585 
W-1 VS, W-3 (C) 1 129.4038 129,4038 
Tillage x Treatment (3) 128.4246 ... 
Tillage x A 1 2,1646 2.1646 
Tillage X B 1 5.0086 5.0086 
. Tillage X C 1 121,2514 121.2514 
Error (a) 8 33.2873 4.1609 
Samples 48 171. 4214 
* Significantly different at the 5% level,· 
** Signifi~antly different· a.t. the 1% level, 
39 
F 
** 11.57 
* 9.88 
** 31.10 
29.14 ** 
.40 
TABLE XXIII 
ANAl,YSIS OF VARIANCE OF AGGREGATE STABILITY LARGER THAN 
. 2 mm. BUT LESS THAN 8 mm. FOR GRANT SILT LOAM · 
AT 22.9 TO 30.5 cm. DEPTH 
Source of variation d.f. S.S. 
Total 63 · 400 .1238 
Treatment combination 7 162. 6359. · 
Tillage 1 63.8002 
Treatments (3) 77.9573 
Cont. Wheat vs. Alfalfa w. rotation(A) · 1 6.5.1653 
No Nitrogen vs. Nitrogen (B) 
W-1 vs! W-3 (C) 
Tillage x Treatment. (3) .· 
Tillage x A 
Tillage x B 
T:1.llage X C 
Error. (a) 
Samples 
** 
1 
1 
0.2295 
12.5626 
21.0784 
· 1 4.3264 
1 . 4.3145 
l 12.4376 
8 ·. 38.1760 
48 ·•.199.1119 
Signifi,co!l:ntly different, at ·t.he 1% level, 
M.S. F. 
** 63.8002 13.37 
** 65.165,3 13.66 
0.2295 
12.5626 
4.3264 
4.3145 
12.4376 
4.7720 
.... 
TAB!iE XXIV 
ANALYSIS OF VARIANCE OF AGGREGATE STABILITY LARGER THAN 
2 mm. BUT LESS THAN 8 nun~ FOR GRANT SILT LOAM 
AT 30.5 TO 38.1 cm. DEPTH 
Source Qf variation d.f. S.S. M.S. 
Total 63 455.5385 
Treatment combination 7 132.6145 
Tillage 1 49.4033 49 .4033 
Treatments (3) 52.2626 
Cont •. Wheat vs. Alf1;1lfa w. rot~tion (A} 1 27.0269 27.0269 
NoNitrogen vs. Nitrogen (B) 1 .1. 8769 1. 8769 
W-1 vs. W-3 (C} 1 23.3586 23.3586 
Tillage x.Treat~ent (3) 30. 9486 
Tillage X A 1 o. ups 0.7678 
Tillage x B 1 18.4680 18.4680 
Tillage~ C 1 11. 7128 11. 7128 
Error (a} 8 134.7615 16.8452 
Samples 48 189.i625 
41 
F 
...; 
. TABLE XXV 
ANAI.iYSIS OF VARIANCE OF AGGREGATE STABILITY SMALLER THAN 
2 mm~ :\3UT LARGER THAN O. 2 mm. FOR GRANT SlLT LOAM . 
'Af 7.6 TO lS.Z cm. DEP'Til 
Source of variation d.f. s.s. M. S. 
Total (i3 78.8845 
Treaiment combination 7 43.7809 
Tillage 1 40.1798 40.1798 
· Treatments (3) 2.8930 
Cont. Wh~at vs. Alfalfa W. rota t;:ion (A) 1 1.5098 1.5098 
No.N:;l.trogen vs. Nitrog~n (B) 1 0.8450 0.8450 
W-1 vs. W-3 (C) 1 0.5382 0.5382 
Tillage x Tre~tment 0.7082 
Tillage x A i · 0.1131 0.1131 
Tillage X .B l 0.2145 0.2145 
Tillage x C 1 0.3806 0.3806 
'' 
Errof (a). 8 11.0948 1.3869 · 
S.amples .· 48 24.0087 
** $ignificantly different. at the 1% level. 
42 
F. 
** 28.97 
Total 
TABLE XXVI 
ANA,LYSIS OF VARIANCE.OF AGGREGATE STABILITY SMALLER THAN 
2 11111. BUT LARGJ::R THAN .o.z mm •. FOR.GRANT SILT.LOAM 
AT 15.2 to 22.9 c~. DEPTH 
Source of variation d.f. s.s. M~ S. 
Treatment combi~ation 
63 224.8825 
7 159,5348 
43 
F 
Tillage 1 149.023;1. 
2. 7718 
** 149~0231 69,37 
Treatmen.ts. (3) 
Cont. Wheat vs. Alfalfa w. rotation(A) 1 
No Nitl;'ogen vs, Nitrogen (B) 
W-1 vs. W-3 (C) 
Tillage x Treatment (3) 
Tillage :x·A 
Tillage. x B 
Tillage x C 
EJ;"ror (a) 
Samples 
** ' 
1 
l· 
1 
1 
1 
8 
48 
Signiftcantly different at the 1% level.. 
1.4580 
0.1164 
1.1974 
7.7399 
0.2916 
0.0851 
7.3632 
17 .1848 ,' 
48.1631 
1.4580 
l.1164 
· 1, 1974 
0.2916 
0.0851 
7.3632 
2 •. 1461 · 
,.. 
... 
Total 
.TABLE XXVIl 
ANALYSIS OF VARIANCE OF AGGREGATE STABXLITY SMALLER THAN 
2 mm. BUT LARGER THAN Q.2 mm. FOR GRANT SILT LOAM 
AT 22.9 TO 30.5 cm. DEPTH 
Source of variation d.£. s.s. ~.s. 
63 202.0484 
Treatment combination 7 84.4787 
44 
F 
Tillage 1 72.0).64 
8.4989 
** 72.0164 30.14 
Treatments ( 3) 
Cont. Wheat vs. Alfalfa W. rotation(A) 1 
No Nitrogen vs. Nitrogen (B) l 
W-1 vs. W-3 (C) 1 
Tillage x Treatment (3) 
Tillage X A 
Tillage x .B 
Tillage X C 
Error (a) 
1 
1 
1 
a 
1.1262 
1.3001 
6.0726 
3.9633 
1..5971 
2.3166 
0.0496 
19.0838 
. Samples 48 102.8859 
** 
.Significantly different at the 1% level. 
1.1262 
1. 3001 
6.0726 
1.5971 
2.3166 
0.049~ 
2.3855 
TMLE XXVIlI 
AN.ALYS!$ OF VARIANCE OF J\GGREGATE S'.I;ABIL.ITY SMALLER THAN 
2 mm. BUT LARG;ell TIJ4N O. 2 mm. FOR GRANT s;['J . .',1;' LOAM 
AT 30.5 TO 38.l cm. DEPTH 
Source of variation d.f. s.s. M.S. 
Total 63 132.9988 
· Treatment combination 7 33.4144 
l'ill~ge 1 15.5039 15~5039 
Treat;ments (3) 16.5948 
Cont. Wheat vs, Alfalfa W. rotation(A) 1 0.1849· 0.1849 
No Nitrogen vs. Nitrogen (B) 1 4. 6971 . 4.6971 
W-l vs~ W-3 ·(C) 1 11. 7;1.28 11. 7128 
Tillage x Treatment (3) 1.3157 
-· 
Tillage x A 1 0.9555 0.9555 
Til~.ilge x B 1 o.i152 0.1152 
'Tillage. X C .. 1 0.2450 0.2450 
Error (a) 8 ·19.6154 2.4519 
Salll'ples · 48 79.9689 
* Sign;Lficantly different at tqe 5% lev~l. 
45 
F 
* 6.32 
TABLE XXIX 
ANALYSIS OF VARIANCE OF BULKOENSITY FOR GRAN'l' SILT LOAM 
AT 7.6 TO 15.2 cm. DE}?TH 
Source of variation d.f. S.S. M. S. 
Total 63 0.3005 
Treatment combination 7 0.0546 
Tillage 1 0.0024 Q.0024 
Treatments· (3) 0.0457 
Cont. Wheat vs. Alfalfa w. rot.at ion (A) 1 0.0068 0.0068 
No Nitrogen vs. Nitrogen (B) 1 0.0007 0.0007 
W-1 vs. W-3 (C) 1 0.0382 Q.0382 
Tillage x Treatment (3) 0.0045 
T;i.llage xA 1 0.0029 Q.0029 
Tillage X B 1 0.0013 0.0013 
Tillage X C .1 0.0003 0.0003 
Error (a) 8 0.0575 0.0072 
Samples 48 0.1904 
46 
F 
47 
TABLE XXX 
ANALYSIS OF VARIANCE OF BULK DENSITY FOR GRAN'l' SILT LOAM. 
AT 15.2 TO 22.9 cm. DEPTH 
Source of variation d.f. s.s. M.S. F 
Total 63 0.3296 
Treatment; comb.ination 7 0.0618 
Tillage 1 0.0001 0.0001 
Treatments (3) 0.0386 
Cont;.·Wheat vs~ Al;falfa W. rotati,on (A) J. 0.0154 0.0154 
No Nitrogen vs. Nitrogen· (B) l 0.0004 0,0004 
W-1 vs. W-3 (C) 1 .0.0229 0.0229 
· Tillage x l'reatment;: (3) 0.0230 
Tillage x A 1 0.0002 0.0002 
Tillage x B 1 0.0168 0.0168 
Tiilage xC 1 0.0060 0.0060 
Error· (a) 8 0.0379 0.0047 
. Samples ,48 0.2299 
TABLE XXXI. 
ANALYSIS OF VARIANCE OF BULK DENSITY. FOR GRANT SILT LOAM 
AT 22.9 TO 30,5 cm .• DEPTH 
~ource of variation d.f. s.s. M.S. 
Total 63 0.3579 
Treatment combination 7 0.1219 
Tillage l 0.0400 0.0400 
Treatments (3) 0.~0504 
Cont. Wheat vs. Alfalfa W. rotation (A) 1 0.0107 0.0107 
NQ Nitrogen vs. Nttrogen (B) 1 0.0039 0.0039 
W-1 vs .• W-3 (C) 1 0.0358 0.0358 
T:Ulage X Treatment c:n 0.0315 
Tillage x A .1 0.0012 0.0012 
Tillage x B l 0.0050 0.0050 
Tillage X C 1 0.0253 0.0253 
Error (a) 8 0.0420 0,0053 
Samples 48 0.1940 ,.. 
* Significantly different at the 5% l,evel. 
48 
F 
* 7.62 
* 6.80 
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